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(54) Electrically programmable and erasable memory device and method of operating same 



(57) An electrically programmable and erasable 
memory device, comprising at least one transistor (1) 
comprising a substrate (2) provided with a source (4), a 
drain (3) and a channel region (3) extending between 
said source and said drain . Said substrate (2) has a split 
point (6) situated between said source (4) and said drain 
(3) which forms a separation between a first region (7) 
extending from said split point in a first direction towards 
said source and a second region (8) extending from said 
split point in a second direction towards said drain. A 
first insulating layer (9) is applied on said substrate and 
extends in said second region (8) over at least a portion 
of said drain (3) and at least a portion of said channel 
region (5). A second insulating layer (10) is applied on 



said substrate (2) in said first region (7) and separates 
said substrate in said first region from a control gate (11). 
Said second insulating layer (1 0) extends further in said 
second region (8) and contacts said control gate (1 1 ). A 
floating gate (12) is sandwiched between said first insu- 
lating layer (9) and said second insulating layer (1 0) and 
extends over at least a portion of said drain (3) to estab- 
lish an overlap (13) between said floating gate and said 
drain. Said first insulating layer (9) and said overlap (1 3) 
are dimensioned in such a way as to create a capacitive 
coupling between said floating gate (12) and said drain 
(3) enabling injection onto the floating gate of hot elec- 
trons generated by drain induced secondary impact ion- 
isation. 
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D scription 

FIELD OF THE INVENTION 

[0001] The invention relates to an electrically pro- 
grammable and erasable memory device, comprising at 
least one transistor comprising: 

a substrate provided with a source, a drain and a 
channel region extending between said source and 
said drain, said substrate having a split point situ- 
ated between said source and said drain and form- 
ing a separation between a first region extending 
from said split point in a first direction towards said 
source and a second region extending from said 
split point in a second direction towards said drain; 
a first insulating layer applied on said substrate and 
extending in said second region over at least a por- 
tion of said drain and at least a portion of said chan- 
nel region; 

a second insulating layer applied on said substrate 
in said first region and separating said substrate in 
said first region from a control gate, said second in- 
sulating layer extending further in said second re- 
gion and contacting said control gate; 
and a floating gate sandwiched between said first 
insulating layer and said second insulating layer 
and extending over at least a portion of said drain 
to establish an overlap between said floating gate 
and said drain, 

BACKGROUND OF THE INVENTION 

[0002] An EEPROM device is for example known 
from US-A-5,572,054. This document describes an 
electrically programmable and erasable memory device 
which comprises at least one transistor. This transistor 
comprises a substrate which is provided with a source, 
a drain and a channel region extending between the 
source and the drain. The substrate has a split point sit- 
uated between the source and the drain which forms a 
separation between a first region extending from the 
split point towards the drain and a second region ex- 
tending from the split point towards the source. A first 
insulating layer is applied on the substrate and extends 
in the second region over a portion of the source and 
the channel region. A second insulating layer is applied 
on the substrate in the first region, where it separates 
the substrate from a control gate. The second insulating 
layer further extends in the second region where it con- 
tacts the control gate. A floating gate is sandwiched be- 
tween the first and second insulating layers and extends 
over a portion of the source to b capacitively coupled 
to th source. This transistor structure is commonly 
known in the art as a "split gate" structur . 
[0003] There are n-chann I and p-channel devices 
with split gat transistors. In the n-channel devic s, th 
source and drain are doped with an n-type dopant and 



th substrate is dop d with a p-typ dopant. In p-chan- 
nel devices, the source and drain are doped with a p- 
type dopant and the substrat is doped with an n-type 
dopant. Th device described in US-A-5,572,054 is an 
5 n-channel device. This implies that el ctrons flow 
through the channel region from the drain towards the 
source. In p-channel devices the electrons flow from 
source to drain, which implies that in p-channel split gate 
transistors the floating gate is located in the region ex- 
10 tending from the split point towards the drain. 

[0004] The floating gate of the device described in 
US-A-5,572,054 can be charged to obtain a pro- 
grammed state and discharged to obtain a non-pro- 
grammed or erased state of the memory cell. Program- 
's ming the floating gate means that electrons are intro- 
duced onto the floating gate. Erasing means that elec- 
trons are removed from the floating gate. Assuming that 
the floating gate is in an erased state, i.e. positively 
charged, programming the transistor, i.e. charging the 
floating gate, is conducted.as follows. A ground potential 
is applied to the drain, a low positive voltage (e.g. +1 V) 
is applied to the control gate and a high positive voltage 
(e.g. +12 V) is applied to the source. The high voltage 
difference between drain and source causes electrons 
to migrate through the channel from the drain towards 
the source, i.e. the channel region becomes conductive 
and is "turned on", The positive voltage on the control 
gate serves to transfer the drain potential onto the split 
point. When the electrons reach the split point, they see 
a steep potential drop as the influence of the positive 
voltage on the control gate diminishes in this point. The 
steep potential drop is approximately equal to the 
source potential and causes them to be accelerated or 
"heated". Due to the capacitive coupling with the source, 
the floating gate attracts the heated electrons, which 
causes some of them to be injected through the first in- 
sulating layer onto the floating gate. This process con- 
tinues until the positive charges on the floating gate are 
neutralised by the electrons injected onto it and the float- 
ing gate is no longer positively charged, which results 
in the portion of the channel region beneath the floating 
gate being "turned off", i.e. it Is no longer conductive. 
This method of charging the floating gate is commonly 
known in the art as channel hot electron injection 
(CHEI). 

[0005] Assuming that the floating gate is in a pro- 
grammed state, i.e. negatively charged, erasing the 
transistor, i.e. discharging the floating gate is conducted 
as follows. A ground potential is applied to the source 
and the drain, and a high positive voltage (e.g. +15 V) 
is applied to the control gate. The high potential of the 
control gate causes electrons on the floating gate to 
trav I through the second insulating layer to the control 
gate by means of the Fowler-Nordheim tunneling mech- 
anism, which is known to the person skilled in the art. 
[0006] The memory cell described in US-A-5,572,054 
however has the disadvantage that high voltages ar 
needed for both programming and erasing the memory 
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cell. Because of these high voltages, the first and sec- 
ond insulating layers need to have a substantial thick- 
ness in order to avoid breakdown. Furthermore, partic- 
ular circuits, such as for example charge pumping cir- 
cuits, ar required to achieve the high programming and 
rasing voltages, since thes voltages are above the 
supply voltage of the device, which is commonly about 
5 volts. This can lead to an increase in the size of the 
memory device. 

AIM OF THE INVENTION 

[0007] It is an aim of the invention to present an elec- 
trically programmable and erasable memory device in 
which the voltages used for programming and erasing 
are less than those used in the prior art. 

DESCRIPTION OF THE INVENTION 

[0008] The aim of the invention is achieved in that said 
first insulating layer and said overlap are dimensioned 
in such a way as to create a capacitive coupling between 
said floating gate and said drain enabling injection onto 
the floating gate of hot electrons generated by drain in- 
duced secondary impact ionisation. 
[0009] The mechanism used in the device of the in- 
vention for programming the transistor, drain induced 
secondary impact ionisation, can be explained as fol- 
lows. A voltage difference is applied over the channel 
region in such a way that hot electrons flow from source 
to drain. As these hot electrons impact on the drain, they 
transfer a certain amount of their energy onto the drain. 
As a result, the drain is ionised, meaning that electrons 
come loose from the drain. These so-called "secondary 
electrons" are heated as they receive energy from the 
electrons impacting on the drain. Due to the capacitive 
coupling of the floating gate with the drain, by which part 
of the voltage on the drain is induced on the floating 
gate, the secondary electrons are attracted by the float- 
ing gate. Some of them have sufficient energy to diffuse 
through the first insulating layer and be Injected onto the 
floating gate. As will be explained in detail below, the 
mechanism of drain induced secondary impact ionisa- 
tion allows the programming and erasing of the transis- 
tor at more moderate voltages with respect to the prior 
art. 

[0010] It should be noted that the device of the inven- 
tion is a p-channel device, which means that the drain 
and the source are switched with respect to the device 
described in US-A-572,054. 

[0011] The mechanism of drain induced secondary 
impact ionisation is known as such from US-A- 
5,659,504. However, the transistor with which th mech- 
anism of drain induced s condary impact ionisation is 
used in this document has a different structur than th 
transistor in the device of the invention. The transistor 
in the device described in US-A-5,659,504 has a so- 
called "stack d gate" structure. This m ans that th 



floating gate and the control gate are stacked above 
each other, the floating gat being separated from the 
substrate by a first insulating lay r and the control gat 
being separated from the floating gate by a second in- 
s sulating layer. The floating gate and the control gat 
have substantially the same length and extend over the 
channel region between source and drain. A first main 
difference with the split gate structure is the absence of 
the split point. A second main difference is that the float- 
ing gate does substantially not extend over a portion of 
the drain, which means that the floating gate is substan- 
tially not capacitively coupled to the drain. 
[001 2] In the device of US-A-5,659,504, the electrons 
migrating through the channel region from source to 
drain are heated by means of the voltage difference be- 
tween the drain and the source. This voltage difference 
has to be large enough to heat the electrons sufficiently 
and enable them to impact ionise on the drain. There is 
no indication in US-A-5,659,504 that a steep potential 
drop as the result of a split point can be used for suffi- 
ciently heating the electrons. 

[0013] Furthermore, in the device of US-A-5,659,504, 
the floating gate is substantially not capacitively coupled 
to the drain, so that substantially no part of the drain 
voltage is induced on the floating gate. This means that 
substantially no injection of secondary electrons onto 
the floating gate can be achieved as the result of a ca- 
pacitive coupling of the floating gate with the drain. The 
injection of secondary electrons is achieved by applying 
a voltage to the control gate which is such that it estab- 
lished an electricfield attracting the secondary electrons 
towards the floating gate. There is no indication in US- 
A-5,659,504 that injection of secondary electrons onto 
the floating gate can be induced by capacitively coupling 
the floating gate to the drain. Hence, there is no indica- 
tion in US-A-5,659,504 that the mechanism of drain in- 
duced secondary impact ionisation can be applied for 
programming a split gate transistor. 
[0014] In the device of US-A-5,572,054 the electrons 
which are injected onto the floating gate are electrons 
which migrate through the channel region and become 
heated when they see the steep potential drop as a re- 
sult of the split point. These electrons could be termed 
"primary electrons", as they are directly injected from the 
channel region onto the floating gate. These primary 
electrons are not generated on the source (or the drain) 
by means of impact ionisation, which means that they 
are not secondary electrons. There is no indication in 
US-A-5,572,054 that secondary electrons generated by 
impact ionisation of the source (or the drain) could be 
injected onto the floating gate of a split gate transistor. 
Furthermore, there is no indication in US-A-5,572,054 
that primary electrons can be used to generate second- 
ary electrons on the source (or the drain) by means of 
impact ionisation. Henc , there is no indication in US- 
A-5,572,054 that a split gate transistor can be pro- 
grammed by using th m chanism of drain induced sec- 
ondary impact ionisation. 
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[0015] It can be concluded that the d vie of the In- 
vention cannot be achieved by simply combining the 
split gate structure of US-A-5,572,054 with the program- 
ming mechanism of US-A-659,504. 
[001 6] In a preferred embodiment of the device of the 
invention, the substrate is provided to be negatively bi- 
ased with respect to the source during programming of 
the transistor. Biasing the substrate negatively with re- 
spect to the source has the advantage that the electric 
field which is present over the first insulating layer and 
is caused by the voltage difference between the floating 
gate and the substrate, can be enhanced. An enhance- 
ment in th is electric field causes the secondary electrons 
to be more attracted to the floating gate. As a result, 
biasing the substrate negatively with respect to the 
source can lead to an enhancement of the programming 
speed. 

[001 7] In a further preferred embodiment of the device 
of the invention, a drain junction is provided between the 
drain and the substrate, which drain junction has a depth 
larger than the overlap between the floating gate and 
the drain. This deep drain junction is preferably provided 
with a halo extension. By providing such a drain junction, 
the mechanism of drain induced secondary impact ion- 
isation can be enhanced, resulting in a further enhance- 
ment of the programming speed. 
[0018] The capacitive coupling between the floating 
gate and the drain is preferably constructed such that it 
enables tunnelling, preferably Fowler-Nordheim tunnel- 
ling, of electrons from said floating gate to said drain for 
erasing the transistor. In order to enable tunnelling of 
electrons from the floating gate and a target, a capaci- 
tive coupling between the floating gate and the target is 
required. This capacitive coupling is preferably between 
predetermined values. A capacitive coupling of too low 
value is undesirable for tunnelling, because this implies 
that there is either substantially no overlap between the 
floating gate and the target, or that the insulating layer 
between the floating gate and the target is too thick to 
enable tunnelling at a moderate voltage. A capacitive 
coupling of too high value is also undesirable for tunnel- 
ling, because a high capacitive coupling results in a 
large part of the voltage applied to the target being in- 
duced on the floating gate, so that at a moderate volt- 
age, the voltage difference between the target and the 
floating gate remains too low to achieve tunnelling. 
[0019] In the prior art, erasing the floating gate is 
achieved by Fowler-Nordheim tunnelling from the float- 
ing gate to the control gate. In the device of US-A- 
5,572,054, tunnelling from the floating gate to the source 
is not possible at a moderate voltage, because the ca- 
pacitive coupling between the floating gate and the 
source is too high (80%). In the device of US-A- 
5,569,504, tunnelling from the floating gate to th drain 
is not possibl at a moderate voltage, because there is 
substantially no overlap betw en th floating gat and 
the drain. In both prior art devices, the capacitive cou- 
pling between the floating gate and the control gate is 



more desirabl for tunnelling than the capacitive cou- 
pling between the floating gate and the source or the 
drain. As a result, in both prior art devices the floating 
gate is erased by means of tunnelling of electrons from 

5 the floating gate to the control gate. It should be noted 
that in both cases the voltage applied to the control gate 
for erasing the floating gate is still high (15 V in US-A- 
5,572,054; 12 to 20 V in US-A-5,569,504) with respect 
to the supply voltage (e.g. 5 V). 

w [0020] In the device of the invention, tunnelling of 
electrons from the floating gate to the drain is enabled, 
because of a suitable capacitive coupling between the 
floating gate and the drain (e.g. 20 to 50%). The suitable 
capacitive coupling results from the use of drain induced 

is secondary impact ionisation as mechanism for pro- 
gramming. Because of the lower drain voltage with re- 
spect to the prior art, the first insulating layer between 
the floating gate and the drain can be constructed thin- 
ner. Because of the thinner first insulating layer, a small- 

20 er part of the drain voltage has to be induced on the 
floating gate to enable injection of secondary electrons 
through the first insulating layer. This means that the ca- 
pacitive coupling between the floating gate and the drain 
can have a lower value than in the device of US-A- 

25 5,572,054. In the latter device, the floating gate has to 
be induced to a higher voltage value, due to use of chan- 
nel hot (primary) electron injection as mechanism for 
programming the floating gate. This is because a high 
source voltage is required to sufficiently heat the primary 

30 electrons, which in turn results in the requirement of a 
thicker first insulating layer between the floating gate 
and the source in order to prevent breakdown, which in 
turn leads to the primary electrons needing a higher 
amount of energy to cross the first insulating layer, so 

35 that the floating gate is to be induced to a higher voltage 
value. The presence of a suitable capacitive coupling 
between the floating gate and the drain in the device of 
the invention also leads to a lower voltage (e.g. about 8 
V) being required on the drain for erasing the floating 

40 gate, with respect to the voltages needed on the control 
gate in the prior art. 

[0021 ] Programming the transistor of the device of the 
invention comprises the steps of applying a first source 
voltage to the source, applying a first control gate volt- 
es age to the control gate and applying a first drain voltage 
to the drain. The first drain voltage has a higher voltage 
value than the first control gate voltage, which in its turn 
has a higher voltage value than the first source voltage. 
As the first control gate voltage is below the first drain 
50 voltage, the device of the invention allows the use of 
more moderate voltages for programming with respect 
to the prior art. 

[0022] Erasing the transistor of the device of the in- 
vention compris s th steps of applying a second 
55 source voltage to the source, applying a second control 
gate voltag to the control gat and applying a second 
drain voltage to the drain. The second drain voltage has 
a higher voltage valu thanth second control gat volt- 
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age and the second source voltage, which are prefera- 
bly supplied with the ground potential. As a result of the 
suitable capacitiv coupling betwe n the floating gate 
and the drain as described above, the d vice of the In- 
vention allows the use of more moderate voltages for 5 
erasing with r spect to the prior art. 
[0023] Reading the transistor of the device of the in- 
vention comprises the steps of applying a third source 
voltage to the source, applying a third control gate volt- 
age to the control gate and applying a third drain voltage 
to the drain. The third control gate voltage has a higher 
voltage value than the third source voltage, which in its 
turn has a higher voltage value than the third drain volt- 
age. This method of reading the transistor can be 
termed "reverse read-out", because the third source 
voltage is higher than the third drain voltage, which is 
preferably the ground potential. The reverse read-out 
has the advantage that a low voltage, preferably the 
ground potential, is applied to the drain during reading, 
which serves to avoid a leakage current from the floating 
gate to the drain. The reverse read-out is in contrast to 
the prior art, because for example in the device of US- 
A-5,572,054, the higher voltage for reading is applied 
on the floating gate side of the transistor, i.e. also on the 
source, but as already mentioned, the drain and source 
are switched in the prior art device with respect to the 
device of the invention. 

[0024] Further advantages of the device according to 
the invention will appear from the following description 
and the appended figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Figure 1 shows a cross-sectional side view of 
a preferred embodiment of the transistor of the device 
of the invention. 

[0026] Figure 2 shows a graph representing the influ- 
ence of negatively biasing the substrate on the floating 
gate current in the device of the invention. 
[0027] Figure 3 shows a suitable array configuration 
for the device of the invention. 

DETAILED DESCRIPTION 

[0028] The device shown in figure 1 comprises a tran- 
sistor 1 which comprises a substrate 2 provided with a 
drain 3, a source 4 and a channel region 5 extending 
between the source 4 and the drain 3. The substrate 2 
has a split point 6 situated between the source 4 and 
the drain 3 and forming a separation between a first re- 
gion 7 extending from the split point 6 in a first direction 
towards the source 4 and a second region 8 extending 
from the split point 6 in a second direction towards the 
drain 3. A first insulating layer 9 is applied on the sub- 
strate 2 and xt nds in the second region 8 ov rat least 
a portion of the drain 3 and at least a portion of the chan- 
nel region 5. A second insulating layer 10 is applied on 
the substrate 2 in th first r gion 7, wher it separates 



the substrate 2 from a control gate 11 . The second in- 
sulating layer 10 extends further in th second region 8, 
where it contacts the control gate 1 1 . A floating gate 1 2 
is sandwiched between the first insulating layer 9 and 
the second insulating layer 10. The floating gate 12 ex- 
tends in the second region 8 over the channel region 5 
and over at least a portion of the drain 3 to establish ah 
overlap 13 between the floating gate 12 and the drain 
3. The first insulating layer 9 and the overlap 13 are di- 
mensioned in such a way as to create a capacitive cou- 
pling between the floating gate 1 2 and the drain 3. This 
capacitive coupling enables injection onto the floating 
gate 3 of hot electrons generated by drain induced sec- 
ondary impact ionisation. 

[0029] In the device of the invention, the first insulat- 
ing layer 9 and the overlap 13 between the floating gate 
1 2 and the drain 3 are dimensioned in such a way as to 
create a capacitive coupling between the floating gate 
12 and the drain 3 enabling injection onto the floating 
gate 3 of hot electrons generated by drain induced sec- 
ondary impact ionisation. Primary electrons, i.e. hot 
electrons migrating through the channel region 5 from 
source 4 to drain 3, require less energy for impact ion- 
ising the drain 3 than they require for being injected onto 
the floating gate 12. This is because the injection onto 
the floating gate 12 requires a lot of energy to be able 
to cross the first insulating layer 9. As a result, a lower 
voltage difference between drain 3 and source 4 is re- 
quired for heating the primary electrons when they are 
used for impact ionisation of the drain 3 instead of injec- 
tion onto the floating gate 12. This implies that, in the 
device of the invention, only a moderate voltage needs 
to be supplied to the drain 3 for heating the primary elec- 
trons. In turn, this allows a thinner first insulating layer 
9, as the voltage difference between the drain 3 and the 
floating gate 12 will never be as large as when the pri- 
mary electrons are used for injection onto the floating 
gate 12. The first insulating layer 9 can be constructed 
thinner as there is less risk of breakdown. Because the 
first insulating layer 9 can be constructed thinner, the 
amount of energy required for injection of hot electrons 
onto the floating gate 12 is reduced. This in turn allows 
the use of secondary electrons for charging the floating 
gate 1 2 in the device of the invention.. So the device of 
the invention has the advantage that the voltage applied 
to the drain 3 for programming the transistor can be re- 
duced with respect to the voltage applied to the source 
of the device of US-A-5,572,054. 
[0030] By providing the split point 6, the electrons mi- 
grating through the channel region 5 can become suffi- 
ciently heated by the steep potential drop to enable them 
to impact ionise on the drain 3. This implies that a lower 
voltage with respect to the source 4 can be appli d to 
the drain 3. This has the advantage that the voltage dif- 
ference over the channel region 2 can be reduced with 
respect to the device of US-A-5,659,504. 
[0031] By providing the capacitive coupling betwe n 
the floating gate 12 and the drain 3, part of the drain 
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voltage is induced on the floating gate 12, enabling the 
floating gate 12 to attract the secondary electrons. As a 
r suit, the control gate voltage is no long r used for at- 
tracting the s condary electrons towards the floating 
gate 12; it is only used for biasing the channel region 5 
in said first region 7 extending from the split point 6 to- 
wards the source 4, in such a way that the source volt- 
age is transferred onto the split point 6. As the control 
gate 11 in the first region 7 is only separated from the 
substrate 2 by the second insulating layer 10, and not 
also by the first insulating layer 9 and the floating gate 
1 2 as in the stacked gate transistor, i.e. the control gate 
1 1 is nearerthe substrate 2 in the first region 7, providing 
the capacitive coupling has the advantage that the con- 
trol gate voltage required for programming the transistor 
1 can be reduced with respect to the device of US-A- 
5,659,504. Furthermore, the voltage required on the 
control gate 11 for programming the transistor in the de- 
vice of the invention can be below the voltage applied 
to the drain 3. 

[0032] The device of the invention can be operated at 
lower voltages than prior-art devices and thus con- 
sumes less power, is smaller in size, is more scalable, 
requires less charge pumping circuitry. Furthermore, in 
the device of the invention, the use of a program gate 
for triggering the floating gate can be avoided, as the 
floating gate is capacitively coupled to the drain. Such 
a program gate is for example required in prior-art de- 
vices using Source Side Injection at moderate voltages. 
The omission of the program gate enables the construc- 
tion of a smaller memory device as compared to such 
Source Side Injection based devices. The transistor size 
in the device of the invention can be less than 1 ujti 2 in 
a 0.25 u,m CMOS technology. 

[0033] The capacitive coupling ratio of the floating 
gate 1 2 with respect to the drain 3 is preferably between 
0.2 and 0.5. This means that preferably 20 to 50% of the 
voltage applied to the drain is induced on the floating 
gate. The coupling ratio between the floating gate and 
the drain can however also be any other value deemed 
suitable by the person skilled in the art. 
[0034] The substrate 2 is preferably provided to be 
negatively biased with respect to the source 4 during 
programming of the transistor 1 . The effect of negatively 
biasing the substrate 2 is that the electric field which is 
created over the first insulating layer 9, i.e. between the 
floating gate 12 and the substrate 2 is enhanced. This 
results in the secondary electrons being more strongly 
attracted by the floating gate 1 2, so that more secondary 
electrons are injected onto the floating gate 1 2 in a given 
period. So by negatively biasing the substrate 2 with re- 
spect to the source 4, the programming speed of the 
device according to the invention can be enhanced. 
[0035] Th enhancement in the programming speed 
is illustrated in figure 2, which represents th floating 
gate curr nt l fg for charging the floating gate as a func- 
tion of the floating gate voltage V fg (with th source be- 
ing connect d to th ground potential) for a zero sub- 



strate bias V b and a negative substrate bias V b of -2.5 
V, and for a device produced in 0.25 a u,m CMOS t ch- 
nology. When grounding the substrate 2, only a very 
small floating gate current l fg is detect d because of the 

5 poor injection effici ncy of the conventional drain hot- 
electron injection mechanism. Howev r, when a small 
negative voltage is applied to the substrate (e.g -2.5V), 
the gate current l fg is increased by several orders of 
magnitude due to secondary electron injection effects 

10 originating from a larger silicon electric field in the drain 
region. This experiment evidences the appearance of 
an injection mechanism in the memory device according 
to the invention, that can be used for fast programming 
at low voltages. 

15 [0036] As the memory device of the invention prefer- 
ably comprises a plurality of transistors, arranged in par- 
allel columns and rows, the substrate 2 is preferably lo- 
cally adapted for ensuring electrical isolation of each 
transistor for which the substrate is negatively biased 

20 with respect to the source 4, from the rest of the sub- 
strate. In this way it can be ensured that transistors 
which do not have to be programmed, i.e. for which the 
substrate is not to be negatively biased with respect to 
the source, are unintentionally programmed. 

25 [0037] The device of figure 1 is preferably provided 
with a drain junction 14 having a depth D which is opti- 
mised for having a highly efficient drain induced second- 
ary impact ionisation. The optimised depth can be 
achieved by making the drain junction depth D is larger 

30 than the overlap 13 between the floating gate 12 and 
the drain 3. The drain junction depth D is preferably be- 
tween one to four times the overlap 13, or larger. The 
drain junction 14 is further preferably provided with a 
halo extension in order to further increase secondary 

35 electron injection efficiency. A large drain junction depth 
D is in contrast with the prior art devices, in which a shal- 
low drain is provided in order to increase the electric field 
between the drain and the source. The large drain junc- 
tion depth D is possible in the device according to the 

40 invention, as the electric field between the drain and the 
source need not be as strong as in the prior art devices. 
[0038] The device according to the invention shows a 
programming efficiency which is at least similar to prior- 
art devices but at much lower voltages due to the use 

45 of the drain induced secondary impact ionisation mech- 
anism for programming, which requires a drain voltage 
which can be less than the supply voltage to the device 
of for example 5 volts. The low drain voltage allows the 
use of a much thinner first insulating layer 9 under the 

so floating gate 12 than in prior art devices, since drain dis- 
turb conditions are largely relaxed. This in turn enables 
erase of the floating gate 12 towards the drain 3 by 
means of tunnelling of electrons through the first insu- 
lating layer 9, instead of erasing the floating gate to- 

55 wards the control gate by means of tunnelling of elec- 
trons through the s cond insulating layer 1 0. As a result, 
only low voltages are to be applied to the control gate 
1 1 , both during programming and erasing of the transis- 
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tor 1 . Consequently, also the second insulating layer 10 
under the control gate 1 1 can be scaled in relation to the 
corresponding CMOS generation, i.e. can be construct- 
ed thinner with respect to the prior art, as there Is less 
risk of breakdown of the second insulating layer 10 re- 
sulting from a high voltage on the control gate 1 1 . A sec- 
ond reason why the second insulating layer 10 is to re- 
main very thick in prior art devices, for example split gate 
devices, is the need for a very large drain coupling to 
nable injection of primary hot electrons onto the float- 
ing gate. As the sum of the respective coupling ratios 
between the floating gate and the respective compo- 
nents of the transistor surrounding the floating gate 
equals 1 (by definition), this implies that the coupling ra- 
tio between the floating gate 12 and the control gate 1 1 
should be minimised. In the present invention, the con- 
trol gate coupling is allowed to be larger because a drain 
coupling on the order of 20%-50% is sufficient to induce 
enough voltage on the floating gate to enable the injec- 
tion of secondary electrons onto the floating gate, which 
allows a thinner second insulating layer 10. 
[0039] The first insulating layer 9 preferably has a 
thickness of at most 50 angstroms (5 nm). The second 
insulating layer 10 in the first region 7 preferably has a 
thickness of at most 50 angstroms (5 nm), preferably 35 
angstroms (3.5 nm). The second insulating layer 10 in 
the second region 8 preferably has a thickness of at 
most 150 angstroms (15 nm), preferably 130 angstroms 
(1 3 nm). The first and second insulating layers can how- 
ever also have any thickness deemed suitable by the 
person skilled in the art. The first and second insulating 
layer can have the same or different dielectric constants. 
[0040] An exemplary processing scheme for such a 
device comprises the following steps: (1) after growing 
a thin oxide on the substrate 2 in the second region 8 to 
form the first insulating layers 9 (typically 70A for a 
0.35|im CMOS technology), a first polysilicon layer is 
deposited and etched to form the floating gates 12 of 
the transistors 1 . Secondly, a junction 14 is formed by a 
deep n + implantation (preferably combined Phospho- 
rous/Arsenicum junction with a halo) which is self- 
aligned with respect to the floating gate 12 on the drain 
side of the device. The source junction 4 could be 
formed by the same implantation step, i.e. in a non-self- 
aligned manner, or, alternatively, it can also be formed 
together with the CMOS junctions (after 2nd polysilicon 
definition). Afterwards, a thin oxide (comparable to the 
CMOS gate oxide of the corresponding generation, i.e. 
55A for 0.25u,m CMOS etc.) is grown on the comple- 
mentary part of the substrate 2, i.e. in the first region 7, 
and simultaneously a thin polyoxide is formed on the top 
and the sidewall of the floating gate 1 2, to form the sec- 
ond insulating layer 1 0. Depending on the oxidation con- 
ditions and the doping I vei of the floating gat 12, this 
interpoly oxide can be very thin. Then, a second poly- 
silicon layer is deposited and etch d to form the control 
gate 1 1 of the transistor 1 . At this point, the junctions of 
the CMOS proc ss are formed which can, ventually, 



be combined with the source junctions of the transistors. 
The device of the invention may however also be pro- 
duced in any other way known to the person skilled in 
the art. 

s [0041] Programming the device of figure 1 is carried 
out according to the following method. A first source volt- 
age V s1 is applied to the source 4, a first control gate 
voltage V cg1 to the control gate 11 and a first drain volt- 
age V d1 to the drain 3, The first drain voltage V d1 has a 
higher voltage value than the first control gate voltage 
Vcgi> wh 'ch in its turn has a higher voltage value than 
the first source voltage V s1 . The first source voltage V s1 
is preferably the ground potential. The first drain voltage 
V d1 is preferably below the supply voltage to the device 
of for example 5 V. The voltage difference between the 
first drain voltage V d1 and the first source voltage Vs1 
is above the threshold voltage V t for turning on the chan- 
nel region 5. The first control gate voltage V cg1 is in such 
a way above the first source voltage V s1 that the first 
source voltage V s1 is transferred onto the split point 6. 
The first drain voltage V d1 is further chosen such that a 
high enough voltage is induced on the floating gate 12, 
as a result of the capacitive coupling with the drain 3, 
that injection of secondary electrons, which are gener- 
ated by impact ionisation on the drain, is enabled. 
[0042] Preferably also a substrate voltage V b is ap- 
plied to the substrate 2, which is preferably negative with 
respect to the first source voltage V s1 . This substrate 
voltage V b serves to increase the electric field over the 
first insulating layer 9, so that the injection of secondary 
electrons onto the floating gate 12 can be enhanced. 
[0043] Typical programming voltages for the device of 
the invention in a 0.18 u,m technology are: a first source 
voltage V s1 of 0 V (the source is grounded), a first control 
gate voltage V cg1 of around 2 V and a first drain voltage 
V d1 of 4-5V which can be supplied from a small charge 
pumping circuit. A small negative substrate voltage V b 
of about -2V or less is preferably applied to the sub- 
strate. This brings the floating gate 12 to a potential of 
about 3V which is sufficient to efficiently triggerthe drain 
enhanced secondary impact ionisation mechanism. 
[0044] Erasing the device of figure 1 is carried out ac- 
cording to the following method. A second source volt- 
age is applied to the source 4, second control gate 
voltage V cg2 to the control gate 11 and a second drain 
voltage V d2 to the drain 3. The second drain voltage V d2 
has a higher voltage value than the second source volt- 
age V s2 and the second control gate voltage V^. The 
second drain voltage is preferably above the supply 
voltage and the are preferably below the supply voltage 
applied to the device. The second source and control 
gate voltages V s2 and are preferably the ground 
potential. The second drain voltage V d2 is chos n in 
such a way above the second control gat voltage 
that electrons on th floating gate 12 are transferred to 
th drain 3 by means of tunnelling, pr f rably Fowler- 
Nordheim tunnelling, through the first insulating layer 9. 
[0045] During eras , the control gate 11 is preferably 
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grounded while the second drain voltage is prefer- 
ably about 8V. A small negative voltage could be applied 
to the substrate 2 to further increase the tunneling field 
at the floating-gate-tq-drain overlap 13. 
[0046] R ading the device of figure 1 is carried out 
according to the following method. A third drain voltage 
V d3 is applied to the drain 3, a third source voltage 
to the source 4 and a third control gate voltage to 
the control gate 11 . The third control gate voltage 
has a higher voltage value than the third source voltage 
Vj^, which in turn has a higher voltage value than the 
third drain voltage V^. The third control gate voltage 
v cg3 is preferably below the supply voltage to the device 
and the third drain voltage V d3 is preferably the ground 
potential. As already mentioned above, this method of 
reading the transistor can be termed "reverse read-out 1 ', 
as the voltage for reading is applied to the source 4 in- 
stead of to the drain 3. This has the advantage that the 
leakage current from floating gate 12 to drain 3 is sup- 
pressed. This enhances the reliability of the device of 
the invention. 

[0047] Due to the possibility of using thin insulating 
layers 9, 10 under control gate 11 and floating gate 12, 
the device has also a high read-out current. This also 
implies that the programmed state is a 'hard-off state 
since the subthreshold slope of the transistor has a 
steepness comparable to the CMOS devices in the 
same technology. For read-out a source voltage be- 
ing 1 V higher than the (grounded) drain voltage V d3 can 
be used. A read-out control gate voltage V cg3 in between 
1 .8 and 2.5 higherthan the (grounded) drain voltage 
can be exploited. The substrate 2 is preferably also 
grounded. 

[0048] Figure 3 shows an efficient array organisation 
for the memory device of the invention cell when fabri- 
cating memory circuits. First, it is noted that the sources 
4 of the transistors on a column are to be connected to 
the vertical bitline, while the drains 3 of the cells on a 
row are connected to a common horizontal erase line. 
Advantages of this configuration are that the cell is read- 
out in the reverse way, which suppresses the Stress- 
Induced Leakage Current in the drain-to-floating gate 
overlap region. Additionally, the absence of drain cou- 
pling during read-out further reduces the amount of elec- 
trons to be transferred onto the floating gate 12 for a 
given external threshold voltage V t , and, thus also the 
electric field over the first insulating layer 9 under charge 
storage (or retention) conditions. Secondly the high 
erase voltage is only applied to one particular row of 
cells (or, eventually to a number of adjacent rows) which 
are to be erased simultaneously as a sector. This en- 
sures that the erase voltage does not disturb the 
other sectors of the memory (no eras disturb mecha- 
nism and thus no need for inhibit voltages). Thirdly the 
moderat drain voltage V d1 appli d during programming 
will not cause significant charge loss in unselected tran- 
sistors since the disturb time is limited by the number of 
words on a row. Sine th drain 3 is connected to a com- 



mon erase line along a row of cells, the non-selected 
cells have to be inhibited during programming, i.e. pre- 
vented from being programm d unintentionally. This 
can easily be done as follows: (1) all bitlines are biased 

5 at the supply voltage or a slightly larger inhibit voltage 
(e.g. 2.5 V in a 0.1 \im technology); (2) a row of c lis is 
selected by applying about 1 .8V to its wordline and 4-5V 
to its erase line. Note that none of the transistors is draw- 
ing any current under these conditions since the control- 

10 gate channel, i.e. the channel region 2 in the first region 
7 under the control gate 1 1 , is cut off. (3) the bitlines of 
the tansistors to be programmed are discharged selec- 
tively to ground which causes a current to flow only 
through these cells. A consequence of this configuration 

is is that the bitline cannot be shared between adjacent 
columns of transistors. It is, however, possible to share 
the bitline contact between 2 adjacent transistors on the 
same column in order to reduce the transistor area. For 
the drain contact (contacting the transistor to the erase 

20 line), the situation is somewhat more complicated. If the - 
drain contact is shared between adjacent transistors on 
the same column, the impact of the drain disturb mech- 
anism during programming is more than doubled be- 
cause of the absence of a wordline voltage on the adja- 

25 cent row, which further enhances the tunneling field 
across the first insulating layer 9. In practice, this prob- 
lem requires a compromise between sector size, first in- 
sulating layer thickness and drain voltage during pro- 
gramming. Sharing the drain contact between transis- 

30 tors on the same row, or, alternatively, using a diffusion 
region for erase line routing are other solutions that re- 
move the disturb problem. 

[0049] The possible voltages for programming, eras- 
ing and reading a transistor in the device of the invention 
35 are summarised in the table below. 





V 8 (V) 


V d (V) 


Vcg(V) 


V b (V) 


program 


0 


4-5 


1.8-4 


-2 


read-out 


1 


0 


1.8-2.5 


0 


erase 


0 


8 


0 


0 



♦ Claims - 

45 

1 . An electrically programmable and erasable memory 
device, comprising at least one transistor (1) com- 
prising: 

50 a substrate (2) provided with a source (4), a 

drain (3) and a channel region (3) extending be- 
tween said source and said drain, said sub- 
strat (2) having a split point (6) situated be- 
tween said source (4) and said drain (3) and 

55 forming a separation b tween a first r gion (7) 

extending from said split point in a first direction 
towards said source and a s cond region (8) 
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ext nding from said split point in a second di- 
rection towards said drain; 
a first insulating layer (9) applied on said sub- 
strate and ext nding in said second region (8) 
over at least a portion of said drain (3) and at 
least a portion of said channel r gion (5); 
a second insulating layer (10) applied on said 
substrate (2) in said first region (7) and sepa- 
rating said substrate in said first region from a 
control gate (11), said second insulating layer 
(10) extending further in said second region (8) 
and contacting said control gate (11); 
a floating gate (12) sandwiched between said 
first insulating layer (9) and said second insu- 
lating layer (10) and extending over at least a 
portion of said drain (3) to establish an overlap 
(13) between said floating gate and said drain; 

characterised in that said first insulating layer 
(9) and said overlap (13) are dimensioned in such 
a way as to create a capacitive coupling between 
said floating gate (12) and said drain (3) enabling 
injection onto the floating gate of hot electrons gen- 
erated by drain induced secondary impact ionisa- 
tion. 

2. A device according to claim 1 , characterised in that 
that said substrate (2) is provided to be negatively 
biased with respect to the source (4) during pro- 
gramming of the transistor (1). 

3. A device according to claim 1 or 2, characterised in 
that a drain junction (14) is provided between the 
drain (3) and the substrate (2), said drain junction 
(14) having a halo extension (15). 

4. A device according to claim 3, characterised in that 
said drain junction (14) has a depth (D) larger than 
said overlap (13) between said floating gate and 
said drain. 

5. A device according to any one of claims 1 -4, char- 
acterised in that said capacitive coupling between 
said floating gate (12) and said drain (3) enables 
tunnelling of electrons from said floating gate to said 
drain for erasing the transistor (1 ). 

6. A device according to claim 5, characterised in that 
said capacitive coupling between said floating gate 
(12) and said drain (3) enables Fowler-Nordheim 
tunnelling of electrons from said floating gate to said 
drain for erasing the transistor (1). 

7. A device according to any one of claims 1 -6, char- 
acteris d in that the floating gate (1 2) and th drain 
(3) are capacitively coupled with a coupling ratio of 
0.2 to 0.5. 



8. Ad vice according to any on of claims 1 -7, char- 
acterised in that the second insulating layer (1 0) in 
the first region (7) has a thickness of at most 50 ang- 
stroms (5 nm), preferably 35 angstroms (3.5 nm). 

5 

9. A device according to any on of claims 1-8, char- 
acterised in that the second insulating layer (1 0) in 
the second region (8) has a thickness of at most 1 50 
angstroms (15nm), preferably 130 angstroms (13 

10 nm). 

10. A device according to any one of claims 1-9, char- 
acterised in that the first insulating layer (9) has a 
thickness of at most 50 angstroms (5 nm). 

15 

11. A method of programming an electrically program- 
mable and erasable memory device as claimed in 
any one of claims 1-10, said method comprising the 
steps of applying a first source voltage (V s1 ) to the 

20 source (4), applying a first control gate voltage 
(V cg1 ) to the control gate (11) and applying a first 
drain voltage (V d1 ) to the drain (3), characterised in 
that the first drain voltage (V d1 ) has a higher voltage 
value than the first control gate voltage (V cg1 ), which 
25 jn its turn has a higher voltage value than the first 
source voltage (V s1 ). 

12. A method according to claim 11, characterised in 
that the first drain voltage (V d1 ) is below a supply 

30 voltage which is supplied to said memory device. 

13. A method according to claim 11 or 12, characterised 
in that the first drain voltage (V d1 ) is between 4 and 
5 volts, the first control gate voltage (V^) is be- 

35 tween 1 .8 and 4 volts and the first source voltage 
(V s1 ) is a ground potential of 0 volts. 

14. A method according to any one of claims 11-13, 
characterised in that the method further comprises 

40 the step of creating a voltage difference between 
said source (4) and said substrate (2). 

15. A method according to claim 14, characterised in 
that said voltage difference is such that the sub- 

45 strate (2) is negatively biased with respect to the 
source (4). 

16. A method according to claim 14 or 15, characterised 
in that a substrate voltage (V b ) of about -2 volts is 

so applied to the substrate (2). 

17. A method of erasing an electrically programmable 
and erasable memory device as claimed in claim 5 
or 6, said method comprising the steps of applying 

55 a second sourc voltage (V s2 ) to the source (4), ap- 
plying a second control gat voltage (V^) to the 
control gate (11) and applying a second drain volt- 
age (Vjg) to the drain (3), characters d in that the 
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second drain voltage (V^) has a higher voltage val- 
ue than the second control gate voltage (V^) and 
th second source voltage (V^). 

18. A method according to claim 17, characterised in s 
that a supply voltage is applied to said memory de- 
vice and that the second drain voltage (V^) is 
above said supply voltage and the second control 
gate and source (V^, V^) voltages are below said 
supply voltage. f 0 

1 9. A method according to claim 1 7 or 1 8, characterised 
in that the second drain voltage (V^) is about 8 volts 
and the second source and control gate voltages 
(V cg2 , V s2 ) are the ground potential of 0 volts. « 

20. A method of reading an electrically programmable 
and erasable memory device as claimed in any one 
of claims 1-8, said method comprising the steps of 
applying a third source voltage (V^) to the source 20 
(4), applying a third control gate voltage (V cg3 ) to 

the control gate (11) and applying a third drain volt- 
age (V d3 ) to the drain (3), characterised in that the 
third control gate voltage (V cg3 ) has a higher voltage 
value than the third source voltage (V^), which in 25 
its turn has a higher voltage value than the third 
drain voltage (V d3 ). 

21. A method according to claim 20, characterised in 
that a supply voltage above the ground potential is 30 
applied to said memory device and that the third 
control gate voltage (V^) is between said supply 
voltage and the ground potential, the third source 
voltage (V^) is between the third control gate volt- 
age (Vcgs) and the ground potential and the third 35 
drain voltage (V^) is the ground potential. 

22. A method according to claim 20 or21 , characterised 
in that the third source voltage (V^) is about 1 volt, 

the third control gate voltage (V cg3 ) is between 1 .8 40 
and 2.5 volts and the third drain voltage (V d3 ) is 
about 0 volts. 
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